Specialized adipocytes localized in distinct depots mediate the many physiological functions of adipose tissue. In humans, paucity of thermogenic adipocytes correlates with high metabolic disease risk, raising much interest in the mechanisms by which these cells arise. Here we report molecular signatures associated with adipocyte development in different human depots and identify a long non-coding RNA, LINC00473, as the transcript most closely associated with enrichment of thermogenic adipocytes.
Introduction
Adipose tissue is a central player in the control of whole body energy homeostasis, playing numerous roles including energy storage and release, endocrine control of fuel homeostasis and thermogenesis (Crewe et al., 2017; Harms and Seale, 2013; Nedergaard and Cannon, 2010; Rosen and Spiegelman, 2006) . These functions are mediated by specific adipocyte subtypes, which are enriched in specific adipose tissue depots. For example, the majority of thermogenic, Ucp1 containing adipocytes in mice are localized in a specific depot within the interscapular region, which is mostly devoid of white adipocytes (Cinti, 2001) . In adult humans, thermogenic adipocytes are interspersed amongst ostensibly white, nonthermogenic cells forming a "brown-in-white" (brite) or "beige" depot, which is found in the supraclavicular and paravertebral region (Cypess et al., 2013; Jespersen et al., 2013; Virtanen et al., 2009 ). Thus, both in mouse and human, specialization of adipocyte function is associated with defined anatomical localization.
The anatomical localization of adipocytes is relevant for adipose tissue development, as shown by findings that adipocyte progenitors transplanted into different regions of mice give rise to functionally different adipocytes (Jeffery et al., 2016) . In addition, adipocytes within different depots descend from distinct embryonic mesenchymal precursor cells (Sanchez-Gurmaches et al., 2016) , and this lineage can specify distinct pools of brown and white adipocytes in different depots. The molecular mechanisms dictated by the combination of lineage determinants and local anatomical environments are not fully understood, but are likely to include transcriptional regulatory mechanisms that have been associated with development of different adipocyte phenotypes (Mota de Sa et al., 2017) .
Recent studies have brought attention to the role of long non-coding RNAs in the establishment of adipocyte functions (Alvarez-Dominguez et al., 2015; Bai et al., 2017; Zhao et al., 2014) . Long noncoding RNAs are endogenous cellular RNAs of more than 200 nucleotides in length that lack open reading frames. The long non-coding RNAs located as an independent unit between two coding genes are termed long intergenic non-coding RNA (Linc RNA) (Atianand et al., 2017; Freedman and Miano, 2016; Gutschner and Diederichs 2012) . Recent transcriptome analyses have revealed thousands of non-coding RNAs which can potentially regulate gene expression at multiple levels, including chromatin modification, transcription and post transcriptional processing (Faghihi et al., 2008; Gupta et al., 2010; M et al., 2010; Mercer et al., 2009; Simon et al., 2011; Tsai et al., 2010; Wang et al., 2008) . In mice, a nuclear lncRNA (Blinc1) was implicated in the development of brown and beige adipocytes through a ribonucleoprotein complex containing the transcription factor EBF2 (Zhao et al., 2014) . Another lncRNA, lncBATE10, can prevent repression of Pgc1alpha mRNA and sustain the thermogenic phenotype (Alvarez-Dominguez et al., 2015; Bai et al., 2017) . Thus, long nocoding RNAs could be central players in integrating anatomical and lineage factors to produce functionally distinct adipocytes residing in different depots.
The extent to which mechanisms of adipocyte development are conserved between species is not known.
In particular, regulatory mechanisms dependent on non-coding RNAs may vary, as there is limited conservation and large plasticity between species (Hezroni et al., 2015) . This information is relevant in the context of metabolic disease, since increased metabolic activity of thermogenic adipose tissue has been linked with leanness, increased energy expenditure and improved glucose homeostasis in humans (Scheele and Nielsen, 2017) . Understanding the mechanisms that determine the anatomical localization and abundance of thermogenic adipocytes could reveal pathogenic underpinnings of metabolic disease and suggest therapeutic targets. In mice, the ability to perform genetic lineage tracing has been harnessed for identification of adipocyte progenitors and their fate (Berry and Rodeheffer, 2013; SanchezGurmaches et al., 2016; Tran et al., 2012) . While lineage tracing cannot be performed in humans, relevant information can be derived from the analysis of multipotent mesenchymal progenitors that are present within the tissue, and give rise to new adipocytes. In previous studies, we observed that human adipocyte progenitor cells are associated with the adipose tissue microvasculature, and proliferate robustly in response to angiogenic stimuli (Min et al., 2016) . Furthermore, brown fat differentiation program is cell autonomous and largely depot-dependent (Jespersen et al., 2013) . We now leverage these finding to determine whether progenitors and the adipocytes they give rise to from different adipose depots display distinct genetic signatures, and which signatures are specifically associated with the development of the thermogenic phenotype.
Results
To elucidate the mechanisms involved in the generation of thermogenic adipocytes in humans, we first searched for major gene expression differences between adipocytes generated from non-thermogenic and thermogenic adipose tissue depots. Biopsies from periumbilical (AbdSQ) and from supraclavicular (SClav) adipose tissue of non-diabetic subjects were obtained (Supplementary table 1, subject characteristics). Cells were extracted by collagenase digestion, differentiated as depicted in Figure 1a , and stimulated for 4h with norepinephrine (NE) prior to RNA extraction. Differentiation was seen in ~80% of cells, as assessed by accumulation of lipid droplets (Figure 1b) . RNASeq of SClav and AbdSQ derived cells identified 29,907 annotated genes, which segregated in the first principal component into two main groups corresponding to the two depots of origin (Figure 1c ). Unsupervised hierarchical clustering of the top 1000 most varied genes also produced two main clusters (Figure 1d) , with further segregation within each cluster. Segregation within the AbdSQ cluster was determined by individual subjects, while segregation within the SClav cluster was determined by NE stimulation. Thus, large NE-induced gene expression changes in SClav mitigated subject-defined differences. Nevertheless, we identified a group of genes that responded to NE in cells from both AbdSQ and SClav from all subjects. This group of genes contained the long non-coding RNA, LINC00473 (Figure 1d ). Differential expression analysis identified LINC00473 to be among the most strongly induced of the 313 genes significantly regulated by NE (Figure 1e,f and Supplementary table 2) . For comparison, the levels of genes that have been previously associated with brown or white adipose tissue are shown ( Figure 1f ). As expected, HOXC8 and HOXC9 were expressed at significantly higher levels in AbdSQ than SClav, and TBX1 displayed the opposite trends. UCP1 and DIO2 were detected in SClav prior to NE stimulation, consistent with the presence of 'brown' adipocytes in this compartment, as defined by the presence of UCP1 prior to adrenergic stimulation.
To probe for genes involved in the development of thermogenic adipose tissue, we leveraged our previous finding that progenitor cells within the vasculature of AbdSQ adipose tissue robustly proliferate in 3-dimensional culture under pro-angiogenic conditions. We first tested whether progenitors could be generated from subcutaneous adipose tissue from the neck (NeckSQ),, which is enriched in thermogenic adipocytes (Cypess et al., 2013) , and from perivascular adipose tissue obtained from the carotid artery (Carotid). We find that after approximately 5 days in culture, explants from these depots generated sprouts, which grew robustly for a minimum of 14 days (Figure 2a ). We then proteolytically dissociated the cultures, grew cells to confluence and exposed them to a minimal adipogenic cocktail (MDI: methylisobutyl xanthine, dexamethasone and insulin). Adipocyte progenitors readily differentiated into adipocytes as assessed by the accumulation of large lipid droplets (Figure 2b , middle panels), which reduced in size in response to Forskolin (Fsk) stimulation (Figure 2b , right panels). The adipocytespecific genes PLIN1, ADIPOQ and FABP4 were similarly induced upon differentiation of progenitors from both depots (Figure 2c-e) . In contrast, UCP1 was induced upon differentiation of NeckSQ progenitors, but not of Carotid perivascular progenitors (Figure 2f ). These results indicate that progenitors for 'brown' adipocytes, as defined by the expression of UCP1 prior to thermogenic stimulation, are present at the highest level in the NeckSQ depot in our cohort. Nevertheless, progenitors for inducible "brite/beige" adipocytes were present in both depots, as evidenced by strong expression of UCP1 in response to Fsk stimulation of adipocytes differentiated from Carotid or NeckSQ progenitors (Figure 2g ).
The relationship between the numbers of 'brown' and 'beige/brite' progenitors, and the steady state levels of UCP1 in mature adipocytes may vary depending on physiological and pathological conditions, leading to variability in the levels of UCP1 between superficial and deep neck depots amongst specific individuals (Cypess et al., 2013) . We then asked whether we could find genetic signatures specifically associated with the generation of thermogenic adipocytes in specific depots. For this purpose, we conducted a multi-group differential expression analysis comparing adipocytes from AbdSQ, NeckSQ and Carotid progenitors, with or without Fsk stimulation. Unsupervised hierarchical clustering of genes that were differentially expressed among all conditions (385 genes) resulted in 6 clearly segregated clusters, indicating that the response to Fsk varies as a function of depot of origin (Figure 2i ). To determine which genes contributed most to this depot-specific responsiveness, we calculated the median absolute deviation of transcripts in this set. The topmost gene transcript in this analysis corresponded to LINC00473 (Supplementary Table 5 ).
The finding of LINC00473 as the transcript most associated with depot-specific responsiveness to Fsk stimulation, and its strong induction by NE in primary brown adipocytes (Figure 1 These results are consistent with a role for LINC00473 expression in determining the fate of adipocyte progenitors into the thermogenic phenotype.
To obtain clues onto which biological pathways could be regulated through LINC00473, we searched for those genes that were most correlated with its expression levels across all conditions. Enrichment analysis of the 136 genes correlating with LINC00473 with a Pearson correlation coefficient higher than 0.85 (Supplementary table 6) revealed that the most significantly overrepresented molecular functions were associated with cAMP signaling, including multiple phosphodiesterases and PKA isoforms (Figure 3a , Supplementary Table 7) .
We conducted further studies to determine the relationship between LINC00473 and cAMP signaling in the context of the development and function of thermogenic adipocytes. Four different alternative spliced isoforms of LINC00473 were found to be expressed, one of which preferentially responded to NE ( Figure   3b ) and was induced rapidly and reversibly in response to the hormone ( Figure 3c that the effect was due to a loss of responsiveness rather than a decreased sensitivity to the drug. To determine whether impaired induction of LINC00473 would have a functional effect, we measured oxygen consumption, which is an aggregate of mitochondrial abundance and coupling. Knockdown of LINC00473 resulted in impaired induction of respiration after addition of NE, which was sustained in the presence of uncoupling, suggesting of an overall decrease in mitochondrial capacity (Figure 4g ).
The lack of a homologue of LINC00473 in mice prevents us from conducting functional experiments in an in vivo physiological context. Nevertheless, in humans, obesity and type-2 diabetes have been associated with impairments in thermogenic adipose tissue activity (Saito et al., 2009; Scheele and Nielsen, 2017) . To determine whether levels of LINC00473 could be functionally important for the generation or maintenance of thermogenic adipose tissue in humans, we analyzed its expression in supraclavicular adipose tissue from a large cohort of humans with differing BMI and diabetes status.
Levels of LINC00473 were significantly higher in biopsies from supraclavicular than from matched abdominal subcutaneous adipose tissue (Figure 4h ). Moreover, LINC00473 levels in supraclavicular biopsies correlated strongly with levels of UCP1 (Figure 4i) , and decreased significantly with increasing BMI (Figure 4j ). LINC00473 levels were also lower in subjects with type-2 diabetes (Figure 4j ), who are known to display decreased thermogenic adipose tissue. Together with in vitro knockdown results, these data suggest that LINC00473 plays a pivotal role in the generation and maintenance of thermogenic adipose tissue in humans.
Discussion
Adipose tissue fulfills numerous physiological roles, which are dictated by the properties of adipocytes that compose adipose tissue depots. There are three well-recognized types of adipocytes, which differ fundamentally in biological role. White adipocytes primarily control fuel storage, and brown adipocytes regulate thermogenesis. Beige adipocytes have thermogenic properties but are interspersed within white adipose tissue. Most studies on the mechanisms of development of adipocyte subtypes have come from studies in mice. While there are many similarities between mice and humans, some of the features of mouse adipocytes are not conserved. For example, markers for brown and beige/brite adipocytes identified in mouse do not identify similar adipose types in humans. Therefore, it is important to identify conserved and non-conserved mechanisms involved in adipose tissue development, and to understand the role of depot-dependent function.
Using two different approaches our groups independently identified the same candidate, LINC00473, as a determinant of thermogenic fat identity in humans. The combination of our two approaches provides power to identify robust, conserved mechanisms as well as stages in adipocyte development at which these mechanisms operate. In one approach, conventionally cultured pre-adipocytes from the stromal vascular fraction identified LINC00473 as a gene expressed specifically in adipocytes differentiated from the supraclavicular region, in response to NE stimulation. In the second approach, we generated progenitor cells and differentiated adipocytes from different depots. We found that all depots, Carotid, NeckSQ and AbdSQ, contain progenitors that can give rise to thermogenic fat cells. To find those factors that could determine the higher preponderance of thermogenic adipocytes in the supraclavicular region, we searched for genes that would be differentially expressed between depots, and would be more strongly induced by Fsk in cells from thermogenic compared to non-thermogenic depots. LINC00473 was the gene that most varied as a function of anatomical localization and depot-dependent sensitivity to stimulation.
Besides being enriched in progenitors derived from thermogenic adipose depots, LINC00473 expression in these cells predicted UCP1 levels in the differentiated stage. These findings support a role for LINC00473 in the development of thermogenic adipocytes. The further induction of LINC00473 upon differentiation and after activation by norepinephrine and forskolin supports an additional role as a regulator of thermogenic activity in mature adipocytes.
Long non-coding RNAs are increasingly recognized to control cell development, and several have been identified as required for adipogenesis (Sun et al., 2013) . In recent studies, Linc RNAs associated specifically with brown adipocyte generation have also been identified. However, many of these are also required at the differentiation stage. Liu et al., 2017; Nuermaimaiti et al., 2018; Xiao et al., 2015; Xiong et al., 2018) . In contrast, our knockdown studies indicate that LINC00473 is not required for differentiation, but rather for more specific aspects of thermogenic adipocyte function, as discussed below. Interestingly, LINC00473 is a primate-specific transcript with no readily identifiable orthologues in other species. This observation is consistent with the reports on a rapid evolution occurring in noncoding sequences with a nucleotide substitution of 90%, compared to a substitution rate of ~10% in protein-coding sequences (Ward et al., 2015) . However, RNAs can maintain a conserved secondary structure (Torarinsson et al., 2006) , and therefore a functional orthologue of LINC00473 may exist in mice.
The mechanisms by which LINC00473 might determine thermogenic adipose tissue identity are likely to be related to modulation of cAMP signaling, which is central to catecholamine-induced thermogenic induction. This possibility is suggested by pathway analysis of genes most closely correlated with LINC00473 expression across cells and depots, which correspond to cAMP signaling pathways.
Moreover, LINC00473 has been mechanistically associated with cAMP signaling in numerous contexts (Chen et al., 2016; Liang et al., 2016; Pruunsild et al., 2017) . LINC00473 has been reported to interact with NONO, a protein that interacts with cyclic AMP-responsive-element-binding protein (CREB) -regulated transcription coactivator (CRCT), which is essential in CREB transcriptional regulation (Chen et al., 2016) . CREB directly and through interaction with NR4A3, (Cannon and Nedergaard, 2004; Kozak et al., 1994; Yubero et al., 1998; Yubero et al., 1994 ) , activates the UCP1 promoter (Kumar et al., 2008; Myers et al., 2009; Pearen and Muscat, 2010) . It is possible that LINC00473 may coordinate the actions of transcription factors that regulate the UCP1 promoter.
In addition to a nuclear function, LINC00473 may operate in the cytoplasm. This is suggested by the large induction of cytoplasmic LINC00473 upon stimulation by Fsk, which was not observed for our control lncRNA, MALAT1. Moreover, its knockdown impaired NE-stimulated and maximal respiration, without affecting proton leak. This suggests that LINC00473 may play a role in establishing mitochondrial framework necessary for thermogenesis, with roles other than control of UCP1 expression, possibly at the level of the cytoplasm. The dual localization of LINC00473 to nucleus and cytoplasm could also relate to a multifunctional role in the establishment and function of thermogenic adipose tissue. In progenitor cells, nuclear LINC00473 levels may regulate proliferation, and thereby the abundance of thermogenic adipocytes, whereas in the cytoplasm it may regulate responsiveness to cAMP and thereby acute thermogenic activity. Future studies will focus on specific molecular interactions in nucleus and cytoplasm, under basal and stimulated conditions, in cells from different depots. These studies will not only help us understand adipocyte function, but will shed insight on many possible distinct roles of LINC RNAs.
METHODS

Detailed methods are provided below and include the following:
• KEY RESOURCES TABLE 
CONTACT FOR REAGENT AND RESOURCE SHARING
Further information and requests for resources and reagents should be directed to and will be fulfilled by Silvia Corvera (silvia.corvera@umassmed.edu)
EXPERIMENTAL MODEL AND SUBJECT DETAILS Human Subjects:
The study has two cohorts of patients, one of which was based at the UMass Memorial Health Care At the Gentofte Hospital and the Zealand University Hospital of Copenhagen (Denmark), the human cohort is well-characterized and described in detail in separate manuscript (Jespersen et al 2018, under preparation) . In brief, 35 patients scheduled for surgery due to benign goiter were included in the main study, and 36 were additionally included in the biopsy part only. Denmark approved the study protocol (HD-2009-020) . The characteristics listed in Table 1 includes the mean BMI, gender and age for the subjects included in the adipose tissue depot comparison presented in figure 4H . A subgroup of 30 individuals were further examined for blood glucose levels after an Oral Glucose Tolerance Test (OGTT). One subject was excluded from the analysis due to high thyroid hormone levels. The characteristics for the remaining 29 subjects are presented SI Table 1 , last section.
The subjects were divided into three BMI groups, normal weight (BMI < 25), overweight and obese (BMI > 30) and a Type 2 diabetes group (T2DM). The four individuals in the T2DM group were classified based on the blood glucose levels in the OGTT (definition from the World Health Organization (WHO)). A detailed description of the OGGT procedure is described in detail in (Jespersen et al 2018, under preparation) . The subcutaneous abdominal biopsies were obtained using a modified
Bergström needle biopsy procedure as previously described after induction of general anesthesia and immediately prior to initiation of surgery. The supraclavicular biopsies were obtained by the surgeon from the deep neck fatty tissue depots (Bergstrom, 1975) . Biopsy samples were homogenized in TRIzol (Invitrogen, Carlsbad, CA, USA) using a Tissuelyser (Qiagen, Valencia, CA, USA) and total RNA was then isolated as described in the method section "RNA isolation and reverse transcriptase for primary adipocytes cultures".
METHOD DETAILS Cell culture
Cell culture of human primary adipocytes from SVF. As previously described, preadipocytes were isolated from supraclavicular and abdominal subcutaneous adipose tissue biopsies (Jespersen et al., 2013) .
Biopsies were minced and digested in DMEM/F12 (containing collagenase II (1 mg/ml)(Sigma Aldrich) and fatty acid-free bovine serum albumin (15 mg/ml) (Sigma Aldrich) for 20 min at 37 °C during gentle shaking. Following digestion, the suspension was filtered through a 70-micron cell strainer and left to settle for 5 min. The liquid phase below the upper lipid phase was aspirated using a syringe and passed through a 30-micron filter. The cell suspension was spun down at 800 g for 7 min and washed with DMEM/F12. Preadipocytes were resuspended in DMEM/F12, 1% penicillin/streptomycin, 10% fetal bovine serum (FBS) (Life technologies) and seeded in a 5-ml culture flask. Media was changed the day after isolation and then every second day until cells were 80% confluent and then split into a 10-cm dish (passage 1). For the cell experiments, preadipocytes were cultured in 100 mm and 6 cm culture dishes containing DMEM/F12, 10% FBS, 1% Penicillin-Streptomycin (all from Invitrogen) and 1 nM Fibroblast growth factor-acidic (FGF-1) (ImmunoTools). The cells were grown at 37°C in an atmosphere of 5% CO2 and the medium was changed every second day. Adipocyte differentiation was induced two days after preadipocyte cultures were 100% confluent by treating cells with DMEM/F12 containing 1%
Penicillin-Streptomycin, 0.1 µM dexamethasone (Sigma-Aldrich), 100 nM insulin (Actrapid, Novo
Nordisk or Humulin, Eli Lilly), 200 nM rosiglitazone (Sigma-Aldrich), 540 µM isobutylmethylxanthine (IBMX) (Sigma-Aldrich), 2 nM T3 (Sigma-Aldrich) and 10 µg/ml transferrin (Sigma-Aldrich). After three days of differentiation, IBMX was removed from the cell culture media. The cell cultures were left to differentiate for an additional nine days, with medium change third day. Following 12 days of differentiation, cells were harvested for RNA, protein. When stated in the figure legend, cells were stimulated with 10 µM norepinephrine (Sigma-Aldrich) for 4 hr before RNA and protein were isolated.
Two hours prior to the norepinephrine stimulation, old medium was replaced by DMEM/F12 (Life technologies) containing 1% penicillin-streptomycin.
Cell culture of progenitor cells derived from human adipose explants. We collected carotid peri-vascular and neck subcutaneous adipose tissues from carotid endarterectomies with no a-priori selection of individual donors. The characteristics of patients from which tissues were used for indicated experiments are described in Supplementary Table 1 . Detailed methods for culture adipose tissue explants and harvesting of single cells from explant growth are published (Rojas-Rodriguez et al., 2014) . In brief, cell suspensions from capillary growth were obtained using dispase, and plated on standard tissue culture plates. Growth and passaging of these cells was done using EGM-2 MV. To induce adipogenesis we used a minimal adipogenic cocktail of DMEM +10% FBS, 0.5 mM 3-isobutyl-1-methylxanthine, 1µM dexamethasone, and 1µg/ml insulin (MDI) for 72h. The medium was then replaced with DMEM plus 10% FBS. Subsequently, 50% of the medium was replaced with fresh medium every other day. Mix (Thermo Fisher). SYBR based primers were designed using Roche Applied Science Assay Design Center (Roche) and checked for specificity using Primer-Blast (NCBI) RNA-Sequencing. RNA (1000 ng) was extracted from adipocytes using the Trizol method. RNA sequencing was performed by BGI (Hong Kong) using 1000 ng RNA for the TruSeq cDNA library construction (Illumina). 3Gb data was generated pr sample on a HiSeq 2000 sequencer (Illumina). A 91-paired end sequencing strategy was used for the project. Overall read quality was assessed using FastQC http://www.bioinformatics.babraham.ac.uk and the following pre-processing steps where performed using the Fastx toolkit (http://hannonlab.cshl.edu) and PRINSEQ: 7 nt were clipped off from the 5' end of every read (Schmieder and Edwards, 2011) . The reads were then filtered to remove all N-reads. The 3´ ends were then trimmed to and the the reads filtered to minimum Q25 and 50 bp length. Reads were then mapped with tophat2 to the human genome GRCh38 Ensembl release 77 (Kim et al., 2013) . Read counts where imported into R, and DESeq2 was used for identifying differential expression (Love et al., 2014) .
For the isoform analysis, fpkm values from cufflinks were used (Roberts et al., 2011; Trapnell et al., 2010) .
RNA extraction of cells derived from human adipose explants. Media was aspirated from the well and cells were washed 2X with PBS. TriPure Trizol reagent was added to the cells and incubated at room temperature for 5 minutes. Cells were collected into a GentleMACS M tube and dissociated using the GentleMACS Dissociator (Miltenyi Bio) Program RNA01.01. Tubes were centrifuged for 3 minutes at 800RPM and the mixture was transferred to a 2ml collection tube. Chlorofom was added in a 1:5 ratio to the tripure/cell mix and tubes were inverted to mix, then incubated at room temperature for 3-5 minutes.
Aqueous phase separation was performed and the RNA-containing layer was mixed with an equal volume of 100% Isopropanol and incubated overnight at -20 degrees for precipitation. RNA was pelleted and washed with 80% ETOH, and eluted in nuclease-free water. Nucleotide concentrations were determined using Nanodrop 2000. 1µg of RNA was reverse transcribed using iScript cDNA Synthesis Kit (BioRad).
Primer sequences are shown in supplemental Table 6 .
Affymetrix arrays. Total RNA was isolated using TRIzol as above. Affymetrix protocols were followed for the preparation of cRNA, which was hybridized to HTA-2.0 arrays. Raw expression data collected from an Affymetrix HP GeneArrayScanner was normalized across all data sets using the RMA algorithm as implemented by the Affymetrix Expression Console. Expression analysis was performed using the Affymetrix Transcriptome Analysis Console v.3.0.
Cell fractionation. Human preadipocytes were seeded at a density of 3X10^6 cells per plate into three 10cm plates per condition, and grown to confluence for 72h. Plates were differentiated with MDI media for a total of 7 days (see differentiation protocol). Six hours prior to collection one half of the plates were stimulated with 10uM Forskolin (Sigma, F3917). Cells were collected by trypanization and washed 1x with PBS. Cells were pelleted and stored at -80 degrees overnight. Cells were then re-suspended into 2ml
of cracking buffer (50mM Hepes pH 7.9, 3mM MgCl2, 1mM DTT, 0.25M Sucrose, 40U/ml RNase-out).
Samples were loaded into a 3ml syringe and passed through a cold Balch homogenizer twenty times.
Collected supernatant was centrifuged at 700xg for 10 minutes at 4 degrees. Supernatant was collected and stored for analysis of the cytoplasmic fraction. Pellets were washed one time with buffer and spun again at 700Xg for 10min at 4 degrees. Supernatant was carefully removed from remaining pellet and the pellet was washed once with 1X PBS and pelleted for RNA extraction. RNA was extracted from the cytoplasm and nuclear fractions using Trizol-chloroform extraction method (TriPure, Roche). Eluted RNA was treated with DNase following extraction (Invitogen).
In vitro gene silencing of primary adipocytes. Transfections on adipocytes were performed using siRNA pools consisting of four siRNA oligos specifically targeting four different sites of target LINC00473 (On Target Plus, R-032718-00-0005, Dharmacon). Transfections were performed using 10 ul Lipofectamine® RNAiMAX Transfection Reagent (Thermo Fisher Scientific) with 20 nm nM of siRNA, at day 11 of differentiation in antibiotic-free cell culture media (Opti-MEM®, F12/DMEM) for 24h. A scrambled non-specific oligonucleotide (siRNA Scr) was used as control.
In vitro gene silencing of cells derived from human adipose explants. Cells were plated at 1x10^5 cells per well in 24-well dish. After reaching confluency (~3 days), cells were exposed to MDI for 72h, followed by 2 days with DMEM+FBS media alone. Cells were then transfected (day 5 of differentiation) with LINC00473 or negative control stealth RNAi (Invitrogen) using Endo-Porter Transfection reagent (Gene Tools). 48h later (day 7 of differentiation) cells were stimulated with vehicle or Fsk and 6h later RNA was extracted. For transfection, RNAi and endoporter were combined in a 1.5 eppendorf tube and allowed to complex for 15 minutes at room temperature. DMEM culture media was added to the mixture to reach a final concentration of 500nM siRNA and 7.5µM Endo-Porter reagent. All of the media on the cells was replaced with either siLINC00473/Endo-Porter or siSCR/Endo-Porter-containing media and cells were incubated for 48h at 37 degrees and 5% CO2. 3-24 hours prior to collection cells were stimulated in DMEM culture media containing 1-10µM Forskolin (Sigma).
Oxygen consumption. Oxygen consumption was measured using a Seahorse Bioscience XF96 Extracellular Flux Analyser according to the manufacturer's protocol. Adipocytes were grown until reaching 100% confluency and were then seeded in seahorse plates at a 1:1 ratio, and differentiated as described above. Experiments were performed on day 12 of differentiation on cells in passage three and
Knock down experiments were performed as described above. Oxygen consumption rate was assessed in 4 primary brown adipocyte cultures. The results were extracted from the Seahorse Program Wave 2.2.0.
Baseline measurements of OCR were performed for 30 minutes before NE or saline was added and measurements of the concomitant responses were recorded for 60 minutes. All other states were induced using the seahorse XF cell mito stress test kit according to the manufactures protocol. After 90 minutes, from 2 individuals. Statistical differences relative to siScr for a-f were calculated using multiple t-tests, corrected for multiple comparisons using the Holm-Sidak method *p<0.05; **p<0.01;***p<0.001; ****p< 0.0001. g. Oxygen consumption in primary adipocytes at day 12 of differentiation, treated with
